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Abstract
Background The stromal cell derived factor 2 (SDF2) relates closely to the occurrence and development of several 
kind of cancers. There are few studies to investigate the clinicopathological and prognostic significance of SDF2 in 
gastric cancer (GC) patients.

Methods We detected SDF2 expression in GC and normal gastric tissues using bioinformatics, western blot and 
immunohistochemistry. Furthermore, we tested the relationship between SDF2 expression and clinicopathological 
characteristics and prognosis of GC patients.

Results Bioinformatics, western blot and immunohistochemistry results showed that SDF2 expression in GC tissue 
was higher than that in normal gastric tissue (P < 0.01). SDF2 expression was associated with Borrmann classification 
III-IV (χ2 = 6.484, P = 0.011), depth of infiltration T3-T4 (χ2 = 9.140, P = 0.003), positive lymph node metastasis (χ2 = 24.945, 
P = 0.000) and TNM III-IV stage (χ2 = 9.945, P = 0.002) of GC patients. The Cox regression analysis indicated that distant 
metastasis M1 stage (HR = 6.026, 95% CI: 1.880-19.318, P = 0.003), TNM III-IV (HR = 1.833, 95% CI: 1.023–3.287, P = 0.042) 
and SDF2 high expression (HR = 2.091, 95% CI: 1.064–4.108, P = 0.032) were independent risk factors for OS of GC 
patients. Kaplan-Meier test showed that the OS of GC patients with SDF2 high expression was much poorer than that 
of GC patients with SDF2 low-expression (χ2 = 22.925, P = 0.000).

Conclusion SDF2 expression is high in GC tissue and is correlated with Borrmann classification III-IV, tumor infiltration 
depth, positive lymph node metastasis and TNM III-IV stage of GC patients. GC patients with SDF2 high-expression 
have significantly poor OS.
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Background
Gastric cancer (GC) is the fifth most common cancers 
in the world with high prevalence and poor survival 
and a global health challenge [1, 2]. In recent years, sig-
nificant progression has been made in the diagnosis and 
treatment of GC, but many patients are first diagnosed 
at the advanced stage. When metastasis of GC occurs, 
the median survival is poor [3]. Early diagnosis is vital 
for comprehensive treatment of GC patients, which can 
improve the survival of GC patients [4]. Previous studies 
showed that the differential expressions of multiple genes 
are involved in the occurrence and development of GC 
[5]. So far, there is still lack of indicators for early diagno-
sis and treatment of GC in clinical practice. Therefore, it 
is necessary to find a diagnostic and prognostic indicator 
for GC.

Stromal cell derived factor 2 (SDF2) belongs to stro-
mal cell-derived factors family, and is a small protein of 
211 amino acids [6]. Previous studies have shown that 
SDF2 is a protein involved in the process of endoplas-
mic reticulum (ER) stress [7]. The abnormal activation of 

ER stress sensors and their downstream signal pathway 
have become key regulators of tumor growth, metasta-
sis, chemotherapy, targeted therapy and immunotherapy 
[8]. SDF2 is an important regulator for trophoblast cells 
to control cell survival under ER stress [9]. Moreover, in 
some cancer cells, SDF2 is also associated with cell sur-
vival and apoptosis [10]. Recently, studies showed that 
SDF2 expression is involved in the occurrence and devel-
opment of several kinds of cancers [11, 12]. Giulianelli et 
al. indicated that SDF2 was high expression and related 
to hormone-independent tumor growth in breast cancer 
[12]. Expression of SDF2 were significantly reduced in 
patients with metastasis of breast cancer and the patients 
with poor survival [13]. However, the clinicopathological 
and prognostic significance of SDF2 in GC has not been 
reported.

In our study, we predicted the differential level of 
SDF2 expression in GC and normal gastric tissues and 
its impact on the clinicopathological characteristics 
and prognosis of GC patients. Furthermore, we further 
detected the clinicopathological and prognostic signifi-
cance of SDF2 in the patients with GC.

Materials and methods
Bioinformatics prediction
To detect the level of SDF2 expression in GC and gastric 
tissues, TIMER (http://timer.cistrome.org/) and UAL-
CAN databases (https://ualcan.path.uab.edu/) were used 
to analyze the clinicopathological significance of SDF2 
expression in GC patients. Furthermore, we utilize the 
GEPIA database (http://gepia.cancer-pku.org/) online to 
analysis the impact of SDF2 expression on prognosis of 
GC patients.

Patients and methods
Our study included 94 GC patients who underwent sur-
gical resection in the Central Hospital of Dalian Univer-
sity of Technology (Dalian Municipal Central Hospital) 
from October 2014 to June 2016. The period of follow-up 
was more than 5 years. The recruited criteria were as fol-
lows: (1) GC patients undergoing surgical resection. (2) 
histological diagnosis of GC. (3) the availability of com-
plete clinicopathological parameters and follow-up data. 
(4) the patients had signed the informed consent. The 
exclusion criteria were as follows: (1) patients died before 
discharge. (2) patients with preoperative radiotherapy 
and chemotherapy. (3) patients with multiple cancers. 
The general information of 94 GC patients was listed in 
Table 1. The study was approved by the Ethics Commit-
tee of the Central Hospital of Dalian University of Tech-
nology (Dalian Municipal Central Hospital) (approval 
number: YN2023-100-01), and all the participants signed 
the written informed consent.

Table 1 The general information of included GC patients
Clinicopathological parameters Cases(N = 94)
Gender
Male 67(71.28%)
Female 27(28.72%)
Age(years)
<65
≥ 65

53(56.38%)
41(43.62%)

T stage
T1 22 (23.41%)
T2 9 (9.57%)
T3 60(63.83%)
T4 3 (3.19%)
N stage
No 35 (37.23%)
Yes 59 (62.77%)
M stage
M0 90 (95.74%)
M1 4 (4.26%)
TNM stage
I 29 (30.85%)
II 32 (34.04%)
III 29 (30.85%)
IV 4 (4.26%)
Differentiation
Well/ moderate 32 (34.04%)
Poor 62 (65.96%)
Borrmann classification
I- II 23(24.47%)
III- IV 71(75.53%)
Tumor size (cm)
≤ 5 61 (64.89%)
>5 33 (35.11%)

http://timer.cistrome.org/
https://ualcan.path.uab.edu/
http://gepia.cancer-pku.org/
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Western blot analysis
GC tissue and normal gastric tissue specimens (2  cm 
from the edge of the GC) were collected from 15 GC 
patients who underwent surgical treatment at Central 
Hospital of Dalian University of Technology (Dalian 
Municipal Central Hospital) in March 2023. All patients 
were diagnosed with GC through pathological exami-
nation and did not receive radiotherapy or chemother-
apy before surgery. The patients included 9 males and 
6 females, and aged 52–77 years old (average age was 
64.20 ± 7.66 years old). GC and normal gastric tissue 
specimens are fresh surgical specimens that have been 
removed. They are rinsed with normal saline and stored 
in liquid nitrogen.

GC and normal gastric tissues samples were lysed in 
RIPA buffer (Beyotime, Shanghai, China). Protein quan-
tified and equal amounts of protein were separated and 
electrophoretically transferred to polyvinylidene difluo-
ride membranes. The membrane was blocked and incu-
bated with SDF2 primary antibody (1:1000, ab82804, 
Abcam, UK). Then the membrane was incubated with 
anti-β-actin antibody (1:1,000, TransGen Biotech, Bei-
jing, China). The proteins were visualized using ECL 
reagents (Beyotime, Jiangsu, China).

Immunohistochemical staining
Paraffin specimens from 94 GC and 47 normal gastric tis-
sues (2 cm from the edge of the GC) who met the inclu-
sion criteria were collected at Dalian Municipal Central 
Hospital from October 2014 to June 2016. The GC tissues 
and normal gastric tissues were dehydrated, embedded 
in paraffin. Paraffin tissue section was 4 μm and deparaf-
finized in 90%-70% alcohol for 3 min. Then sections were 
incubated in citrate buffer and hydrogen peroxide. After 
blocking nonspecific binding sites with 5% goat serum 
albumin for 30 min, sections were incubated with SDF2-
specifc antibody (1:200, ab82804, Abcam, UK). After 
washed, samples were counterstained with hematoxylin.

We used the immunoreactive score (IRS) method [14] 
to evaluate the degree of staining: no was 0, light yellow 
was 1, brown was 2 and dark was brown. Then the per-
centage of positively stained cells in each region was cal-
culated, and the score was evaluated as follow: the score 
for 0% of positive cells was 0, that for < 10% was 1, that 
for 10–50% was 2, that for 51–80% was 3, and that for 
> 80% was 4. Calculate the IRS (range from 0 to 12) for 
each slice, which is generated by multiplying the staining 
intensity by the positively stained cells. ISR 0–6 is consid-
ered as the SDF2 low expression group, and IRS 7–12 is 
considered as the SDF2 high expression group.

Statistical analysis
SPSS 26.0 software (SPSS, Inc., Chicago, IL, USA) was 
used for statistically analysis. Chi-squared test (χ2) was 

used to estimate the SDF2 expression and clinicopatho-
logic characteristics of GC patients. The Cox regression 
analysis was used for assessing prognostic factors of OS 
of GC patients. Kaplan-Meier method and log-rank test 
were used to analysis the relationship between SDF2 
expression and OS of GC patients. P ≤ 0.05 was consid-
ered as statistically significant.

Results
SDF2 is high-expression in GC tissues
To explore the differential expressions of SDF2 between 
GC and normal gastric tissues, we initially used TIMER 
and TNM plot databases. Our results showed that the 
SDF2 expression was higher in GC compared to normal 
gastric tissues (P < 0.05, Fig.  1A-B). Then western blot 
was used to detect SDF2 expression in GC and normal 
gastric tissues. We observed that SDF2 expression was 
significantly higher in GC tissues (Fig.  1C-D). More-
over, we chose 94 GC and 47 normal gastric tissues to 
verify the expression of SDF2 by immunohistochemistry. 
(Fig.  1E). Our results indicated that SDF2 high expres-
sion was detected in 44.68% (42/94) of GC tissues, while 
23.40% (11/47) was observed in normal gastric tissues, 
the SDF2 expression was obviously higher in GC tissues 
and normal gastric tissues (χ2 = 6.046, P = 0.014) (Table 2). 
Therefore, these results showed that the SDF2 was high 
expression in GC tissues.

Correlation between SDF2 and clinicopathological 
parameters in GC patients
To detect the clinicopathological significance of SDF2 
high expression in GC tissues, we tested the relation-
ship between SDF2 expression and clinicopathological 
parameters of GC patients. First, the UALCAN database 
showed that SDF2 expression was associated with lymph 
node metastasis and TNM stage of GC patients (P < 0.05) 
(Fig. 2). We further detected the relationship between the 
level of SDF2 expression and clinicopathological param-
eters of 94 GC patients. We found that SDF2 expres-
sion was correlated with the Borrmann classification 
(χ2 = 6.484, P = 0.011), depth of tumor invasion (χ2 = 9.140, 
P = 0.003), lymph node metastasis (χ2 = 24.945, P = 0.000) 
and TNM stage (χ2 = 9.945, P = 0.002). However, there 
were no significant differences between SDF2 expression 
and age, gender, tumor size and differentiation (Table 3).

Association between SDF2 expression and OS of GC 
patients
We further explored the prognostic factors of GC 
patients by Cox regression analysis. Univariate Cox 
regression analysis showed that the OS of GC patients 
was related with depth of tumor invasion (HR = 2.839, 
P = 0.001), lymph node metastasis (HR = 2.101, P = 0.008), 
distant metastasis (HR = 8.334, P = 0.000), TNM stage 
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(HR = 2.915, P = 0.000) and SDF2 expression (HR = 3.252, 
P = 0.000). Then we used multivariate Cox regres-
sion analysis, and we found that distant metastasis 
(HR = 6.026, P = 0.003), TNM stage (HR = 1.833, P = 0.042) 

and SDF2 expression (HR = 2.091, P = 0.032) were inde-
pendent factors of OS of GC patients (Table 4).

Next, the prognostic significance of SDF2 expression in 
GC patients was explored, we investigated the relation-
ship between SDF2 expression and prognosis (including 
OS and disease-free survival) of GC patients through the 
GEPIA database, and we found that SDF2 high expres-
sion in GC patients resulted in a remarkably poorer OS 
(P = 0.011) (Fig.  3A) and disease-free survival (P = 0.013) 
(Fig.  3B). In addition, the relationship between SDF2 

Table 2 SDF2 expression in GC and normal gastric tissues
n SDF2 χ2 P value

positive negative
GC 94 42 52 6.046 0.014
Normal 47 11 36

Fig. 1 SDF2 is high expression in GC tissues. (A) The expression level of SDF2 in different kinds cancers and normal tissue samples in TIMER database 
(STAD: stomach adenocarcinoma, CHOL: cholangio carcinoma, LIHC: liver hepatocellular carcinoma, COAD: colon adenocarcinoma, KIRC: Kidney renal 
clear cell carcinoma, READ: rectum adenocarcinoma, ACC: adrenocortical carcinoma, BLCA: bladder urothelial carcinoma, BRCA: breast cancer, CESC: 
cervical squamous cell carcinoma, ESCA: esophageal carcinoma, GBM: glioblastoma multiforme, HNSC: head and neck squamous cell carcinoma, KICH: 
kidney chromophobe, KIRP: kidney renal papillary cell carcinoma, KIRC: kidney renal clear cell carcinoma, LAML: acute myeloid leukemia, LUAD: lung ad-
enocarcinoma, LUSC: lung squamous cell carcinoma, PAAD: pancreatic adenocarcinoma, PCPG: pheochromocytoma and paraganglioma, PRAD: prostate 
adenocarcinoma, SARC: sarcoma, SKCM: skin cutaneous melanoma, TGCT: testicular germ cell tumors, THCA: thyroid carcinoma, THYM: thymoma, UCEC: 
uterine corpus endometrial carcinoma, UVM: uveal melanoma). (B) The expression level of SDF2 in GC tissue samples is significantly higher compared 
with normal gastric tissue samples in the database (t test was used to compare the two groups). (C) The expression of SDF2 was determined by western 
blotting assay. (D) SDF2 protein expression levels in GC tissues were higher compared with normal tissues by western blotting (n = 15). **P˂0.01 compared 
with the normal group. (E) SDF2 immunohistochemical staining in clinical normal gastric tissue and GC tissues samples (bar = 100 μm). (F) Statistical 
analysis showed that SDF2 expression in GC tissues were higher than that in normal gastric tissues by immunohistochemical staining (n = 10). **P˂0.01 
compared with the normal group
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expression and OS of 94 GC patients was evaluated by 
Kaplan-Meier method. Our results showed that the OS of 
GC patients with SDF2 high expression was significantly 
poorer than that of GC patients with SDF2 low expres-
sion (χ2 = 22.925, P = 0.000) (Fig. 3C).

Discussion
GC is one of tumors of digestive tract with high morbid-
ity and mortality, which is characterized by strong inva-
siveness, high recurrence and metastasis rate and poor 
survival [15–17]. Although the progression of surgical 
technology, radiotherapy, chemotherapy and other diag-
nostic and therapeutic technologies have significantly 
improved the prognosis of GC patients, the mortality 
rate is still high [18, 19]. At present, great progression 
has been made in understanding the pathogenesis of GC 
from the perspective of biology and genomics, which 
makes the targeted therapy of advanced GC enter clinical 
research and practice. Previously, researchers identified 
the SDF2 gene on human chromosome 17 qll.2 through 
in situ hybridization [20]. In addition, there is some evi-
dence that SDF2 is involved in occurrence and develop-
ment of malignant tumors. However, the expression and 
role of SDF2 in GC has not been reported. In our results, 
for the first time, we found: (1) SDF2 is high expression 
in GC tissues. (2) High expression of SDF2 is associated 
with Borrmann classification, depth of tumor invasion, 
positive lymph node metastasis and TNM stage of GC 

patients. (3) GC patients with high expression of SDF2 
have significantly poor OS.

Previous studies have revealed that different expres-
sions of SDF2 in several malignant tumors and is related 
to the prognosis of different tumors. For example, Ven-
drell et al. analyzed genomics and transcriptomics data in 
a series of Dukes B and C colorectal carcinomas, and 68 
genes were identified, including low expression of SDF2 
[11]. Takahashi et al. revealed that the SDF2 expression 
was up-regulated in oxaliplatin-resistant GC cells [21]. In 
our study, we found the different levels of SDF2 expres-
sion in GC tissue and normal gastric tissue through bio-
informatics analysis. Furthermore, our results confirmed 
that the expression of SDF2 in GC tissue was higher 
than that in normal gastric tissue by western blot and 
immunohistochemistry.

SDF2 is one of the resident proteins of endoplasmic 
reticulum. It is reported that chronic ER stress is involved 
in cancer, diabetes and degenerative disease [22]. More-
over, Schott et al. demonstrated that SDF2 protein can 
be up-regulated by ER stress [13]. Further understand 
the mechanism of SDF2 in ER stress may help to identify 
its possible downstream targets in cancer [23]. Although 
the level of SDF2 expression has been detected in several 
types of tumors, there is no data to detect its clinicopath-
ological significance of GC patients. Based on the data 
of 94 patients with GC, we found that the SDF2 expres-
sion was related with Borrmann classification, tumor 
invasion, positive lymph node metastasis and TNM 

Fig. 2 The relationship between SDF2 expression and clinicopathological parameters of GC patients in UALCAN database. (A) age. (B) gender. (C) dif-
ferentiation. (D) lymph node metastasis. (E) TNM stage
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stage. However, the expression of SDF2 was not related 

with gender, age, tumor size, histological differentiation. 
Furthermore, In the TCGA samples, the relationship 
between SDF2 expression and age, gender, tumor grade, 
lymph node metastasis, cancer stage of GC patients was 
analyzed, and the age was analyzed by age stratification. 
The results were consistent with the conclusions of our 
clinical data. These results indicated that SDF2 may be 
involved in the tumor malignant biological behavior, 
especially metastasis. These differences may be partly due 
to limitations of sample size. Therefore, this needs to be 
further studied in involving more patients with GC.

In recent years, many scholars began to explore the 
expression and role of SDF2 in tumors. Kang et al. dem-
onstrated that different levels of SDF2 expression in 

Table 3 The association between SDF2 expression and 
clinicopathological parameters of GC
Clinical factors Total 

(n = 94)
SDF2 
expression

χ2 P-
value

Low High
Age 0.305 0.581
< 65 53 28 25
≥ 65 41 24 17
Gender 0.895 0.344
Male 67 35 32
Female 27 17 10
Tumor size 3.421 0.064
≤ 5 cm 61 38 23
˃ 5 cm 33 14 19
Histology 0.017 0.896
Differentiated 32 18 14
Undifferentiated 62 34 28
Borrmann 6.484 0.011
I-II 23 18 5
III-IV 71 34 37
Depth of tumor invasion 9.140 0.003
T1-T2 31 24 7
T3-T4 63 28 35
Lymph node metastasis 24.945 0.000
N 35 31 4
Y 59 21 38
Distant metastasis 1.554 0.321
M0 90 51 39
M1 4 1 3
TNM stage 9.945 0.002
I-II 61 41 20
III-IV 33 11 22
CEA 0.018 0.894
High 41 23 18
Low 53 29 24
CA199 0.024 0.877
High 35 19 16
Low 59 33 26

Table 4 Results of the univariate and multivariate analyses of 
the OS
Variables Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value
Gender 1.152 

(0.658,2.017)
0.621

Age(years) 0.809 
(0.489,1.338)

0.408

Tumor 
size(cm)

1.365 
(0.812,2.293)

0.240

Histology 1.167 
(0.678,2.007)

0.577

Borrmann 1.684 
(0.875,3.241)

0.118

Depth 
of tumor 
invasion

2.839 
(1.505,5.355)

0.001 1.537 
(0.735,3.217)

0.254

Lymph 
node 
metastasis

2.101 
(1.197,3.686)

0.010 1.269 
(0.635,2.538)

0.500

Distant 
metastasis

8.334 
(2.753,25.232)

0.000 6.026 
(1.880,19.318)

0.003

TNM stage 2.915 
(1.749,4.857)

0.000 1.833 
(1.023,3.287)

0.042

SDF2 
expression

3.252 
(1.943,5.443)

0.000 2.091 
(1.064,4.108)

0.032

Fig. 3 Association between SDF2 expression and OS of GC patients. (A) OS curve based on TCGA data. (B) Disease-free survival curve based on TCGA 
data. (C) Kaplan-Meier method evaluated SDF2 expression and OS of GC patients (χ2 = 22.925, P = 0.000)
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breast cancer patients, and its upregulation was asso-
ciated with better clinical outcomes [24]. In colorec-
tal cancer, it has been reported that SDF2 expression is 
down-regulated, and the low expression of SDF2 may be 
associated with low survival rate [11]. Recent study has 
shown that the inhibition of SDF2 leads to the enhance-
ment of Oxaliplatin-induced anti-proliferation and 
apoptosis, and SDF2 may be a new therapeutic target of 
Oxaliplatin-resistant GC cells [21]. At present, there is no 
study to detect the relationship between SDF2 expression 
and prognosis of GC patients. Consistent with the prog-
nosis predicted by GEPIA database, our study showed 
that the OS of GC patients with SDF2 high expression 
was significantly poorer than that of GC patients with 
SDF2 low expression, and SDF2 expression may be an 
independent predictor of poor OS of GC patients.

In our research, several shortcomings cannot be 
ignored. First, it was a single center retrospective study, 
and the sample of included GC patients was relatively 
small. A multicenter study including large sample of GC 
patients is needed to detect the significance of SDF2 
expression in GC patients. Second, we used immunohis-
tochemistry to explore the SDF2 expression in GC tis-
sue, and IRS method is a semi-quantitative score in each 
region which could not be representative of the whole 
region of GC tissue. Therefore, the heterogeneity in our 
study could not be ignored.

Conclusion
In this study, we found that SDF2 was high expression 
in GC tissues. High expression of SDF2 was related with 
Borrmann classification, tumor invasion, positive lymph 
node metastasis, TNM stage and poor prognosis of GC. 
These data suggest that SDF2 may be a potential target 
for therapeutic intervention of GC.
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